Using the QCD sum rules method, we estimate the mass and residues of the first radial excitations of octet baryons. The contributions coming from the ground state baryons are eliminated by constructing the linear combinations of the sum rules corresponding to different Lorentz structures.
I. INTRODUCTION
At present time, many radial excitations of the mesons and baryons which carry the same spin-parity quantum numbers as the ground states are observed in experiments [1] . The identification and investigation of the properties of the radial excitations on the background of the hadronic continuum is a quite difficult task in the experiments. These resonances are strongly coupled to the two, three hadrons, which leads to the large decay widths.
Theoretical study of the radial excitations is also a challenging problem. One of the powerful theoretical methods for studying the properties of the hadrons is the sum rules method. The QCD sum rules method introduced in [2] was extremely useful for studying the properties of mesonic systems. This method was extended to ground state baryons in pioneering work [3] . It is well known that the choice of interpolating current which carries the same quantum numbers as appropriate baryon is not uniquely defined. The most general form of the interpolating currents for octet baryons is found in [4] . It is contemplated that whether this method can be applied to the radial excitations of baryons. Note that the radial excitation of mesons within finite energy rules have been studied in [5, 6] . Recently, radial excitations of heavy-light mesons have been investigated in details via the QCD sum rules in [7] . Recently, this method was applied for the determination of the masses of first radial excitation of mesons and nucleon by using the least square fitting method [8] . In this paper, we calculate the mass and residues of the first excited states of octet baryons within the QCD sum rules method. We modify the spectral representation from the hadronic part by taking into account two poles which correspond to the ground and first excited state baryons, respectively. Then, the method for eliminating the ground state contributions is employed for the determination of the mass and residues of the excited state baryons.
The paper is organized as follows. In Section II, we derive the mass sum rules for octet baryons by including the first radial excitation baryons. Section III is devoted to the numerical analysis of obtained rules. Section IV contains the summary of our results and conclusions.
II. MASS SUM RULES FOR OCTET BARYONS WITH THEIR RADIAL EXCI-

TATION
For determination of the mass and residues of the mesons and baryons, usually two-point correlation function is used. Following the sum rules method strategy for extracting the mass and residues of radially excited octet baryons, we consider the following two-point correlation function
where η(x) is the interpolating currents of the octet baryons. The most general form of the interpolating currents for the octet baryons are [4] :
where 
Here λ(λ 1 ) and m(m 1 ) are the residue and mass of the ground (first radial excitation) state baryon and ... stands for the contributions of higher states and continuum. In derivation of eq. (3), we used
In order to suppress the higher states and continuum contributions the Borel transformation is applied. After performing Borel transformation from eq. (3) we have,
The correlation function in terms of quark-gluon degrees of freedom (theoretical part) is calculated in the deep Euclidean domain (p 2 << 0) with the help of the operator product expansion (OPE), which contains the perturbative and non-perturbative (vacuum condensate)
contributions. For structures / p and I it can be written as;
where the invariant functions Π 1 (Π 2 ) correspond to the coefficient of the structure / p (I).
The expressions of various terms entering to the right side of the eq. (6) are calculated in numerous works (see for example [9, 10] ). Performing Borel transformation over p 2 in theoretical part of the correlation function and equating the coefficients of the Lorentz structures / p and I, one can obtain the sum rules for the mass.
The sum rules for the structures / p and I can be written as
In eq. (7), we consider the contributions of operators up to dimension 6. Obviously, C i for different members of the octet baryons are different. Note that in the derivation of eq. (7), we set the light quark masses to zero, m u = m d = 0. The continuum subtraction is done using the quark-hadron duality ansatz. In eq. (7) the function E 2 (s 0 /M 2 ) is described of the by higher states contributions and continuum contributions and determined as E 2 (x) =
where s 0 is the effective continuum threshold. The coefficients C i in eq. (7) are given by (see [9, 10] ):
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Moreover, the coefficients C ′ i for the members of the octet baryons are given as follows.
(24 − 5γ)β 2 + 10γβ − (24 + 5γ) .
For Ξ
where γ E is the Euler constant, γ = ss ūu and µ is the renormalization scale parameter whose value is taken as µ = 0.5 GeV. Now using eqs. 5 and 7 one can determine the masses and residues of the octet baryons. We have four unknowns (two masses and two residues).
Therefore we need four equations to find these unknowns.
First two equations are obtained by equating the coefficients of the structures / p and I in both representations of the correlation functions i.e.
The remaining two equations can be obtained by taking derivatives with respect to −1/M 2 from both sides of the eq. (16). Then we have,
From these equations we get;
To obtain the mass and residues of the radial excitations from the sum rules, we take the mass of the ground state as an input parameter. Note that the zero width approximation is assumed.
III. NUMERICAL ANALYSIS
The input parameters used in the above coefficients include the strange quark mass and quark condensates. In our numerical calculations, we use following values of these parameters see [3, 11, 12] :
In numerical calculations we take κ = 1.
The sum rules for the mass and residues of the radially excited baryons contain three auxiliary parameters in addition to these input parameters; the Borel mass M 2 , arbitrary parameter β (in expressions of the interpolating current) and continuum threshold s 0 . Usually the continuum threshold is related to the energy of the first excited state. In our calcula- 
Having determined the working regions for Borel mass parameter M 2 , we can calculate the mass and residues of the first radial excitation of octet baryons. As an example, in In order to determine the optimal working interval of the parameter β, we study the dependence of the mass and residues of octet baryons and their radial excitation on cos θ, where β = tan θ. Note that we use cos θ by the following reason. Exploring the whole region in β (−∞, ∞) is equivalent to the very restricted domain (−1, 1).
In Figures 3 and 4 , we present the dependence m 
Performing similar analysis for the mass of the Σ and Ξ baryons we obtained
Finally, we can determine the residues of the radial excitation baryons. For this aim, we used eq. (18). Using the working region for M 2 and at given values of s 0 we studied the dependency of the residue square on cos θ and we obtained the following values: We observed that our predictions on mass for the radial excitations are in good agreement with the experimental data. We also calculate the residues for the radial excitations octet baryons.
Our final remark to this section is as follows. We perform our analysis without taking into account the radiative corrections to the two-point correlation function. The one-loop radiative corrections to the two-point correlation function for nucleon for Ioffe current (β = −1) is calculated in [13] . When we take into account these corrections, our results change
IV. CONCLUSION
In present work, we estimate the masses and residues of the first radial excited states of the octet baryons. The QCD sum rules are modified by including the contribution of the first radial excited states in addition to the ground state. Our predictions on the masses of the first radial excited states baryons are in good agreement with the experimental data.
Hence, QCD sum rules work quite well not only for ground state baryons but also for the radial excitations. The obtained results for the residues can be checked by studying the 
